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摘  要 
I 
摘  要 
本论文工作由四部分组成：1) 纳米 Au 催化剂的制备及其低温 CO 氧化性能
的研究，2) Pd 上 CO 催化氧化的活性表面的研究，3) Ru/SiO2 催化剂上 CO 催化
氧化活性相的研究，4) Pt/SiO2/Mo(112) 模型催化剂上庚烷脱氢环化构效关系的
研究。 
一、负载型 Au 催化剂的载体对 Au 的颗粒大小、形貌和荷电状态等有显著
影响，进而改变 Au 催化剂相关的催化反应性能。很多文献报道表明 Au 易于在
TiO2 的氧缺陷位上成核，即 Au 原子或纳米簇在缺陷位上有较强的结合能。第一
部分，我们将 TiOx镀在 SiO2 载体上以期形成表面配位不饱和及具高缺陷位的载
体，用于负载 Au 纳米粒子，并通过高温氢还原制得性能较好的负载 Au 催化剂。
结果表明经过 873 K H2 还原处理的 Au/TiO2 和 Au/TiOx-SiO2催化剂反应性能
好，其活性相为金属态的 Au，TEM 观测发现其 Au 纳米颗粒的大小主要分布在
4~12 nm，且反应前后尺寸变化不大，结合 CO 探针红外原位光谱研究我们认为
活性变化可能主要是由于形貌变化，新鲜催化剂虽然其颗粒较大但可能具有比较
扁平结构，所以仍有很好的活性。 
二、对于 Pt 族金属上 CO 催化氧化的活性表面是金属态或表面金属氧化物
仍有争议。第二部分，我们使用镜面反射红外吸收光谱并结合同位素 18O2 交换，
应用超高真空表面科学技术和与真实催化反应无温度、压力差距的原位反应池，
分别考察了 Pd(100) 单晶和多晶 Pd 片上 CO 氧化的活性表面。结果表明表面 PdO
在比通常 CO 氧化反应温度低得多的温度 (450 K) 下就可被 CO 还原甚至在
CO/O2 混合气氛被还原，在反应条件下 Pd(100) 和多晶 Pd 片上 CO 催化氧化均
没有生成 Pd 的氧化物，催化剂表面以 CO 吸附为主。在富氧条件下研究 CO 氧
化超高活性态时，也未检测到表面氧化物，基于富氧的反应条件和相近的 CO 和
O2 扩散系数，可以断定富化学吸附氧的 Pd 表面具有超高活性。 














摘  要 
II 
Ru/SiO2 催化剂还原态和氧化态的相对活性，还原态 Ru/SiO2 催化剂的 CO 催化
氧化活性明显高于氧化态 Ru/SiO2 催化剂的活性。原位红外与拉曼光谱表征表明
在反应过程中催化剂主要是以还原态形式存在，由于形成化学吸附氧覆盖的表






























The dissertation is composed of the following four parts: 1) Preparation and 
characterization of Au catalysts for CO oxidation, 2) Identify the active surface for 
CO oxidation over Pd, 3) Identify the active site for CO oxidation over Ru/SiO2 
catalysts, 4) Structure sensitivity of n-heptane dehydrocyclization on Pt/SiO2/Mo(112) 
model catalysts. 
Ⅰ. Supports are found to affect the size, electronic state and morphology of Au 
nanoparticles, and then affect their catalytic properties. It has been proved that defects 
play a key role in the nucleation and growth of Au on TiO2. Au/TiO2 and 
Au/TiOx-SiO2 catalysts were prepared by IMP method. The enhanced dispersion of 
gold on TiO2 was achieved by dispersing TiO2 onto a high-surface-area SiO2 powder 
support. High temperature reduction, at 873 K, in hydrogen leads to very active gold 
nanoparticles on the support surfaces for CO oxidation at room temperature. Gold was 
found to be metallic. Gold nanoparticles are well dispersed on both the TiO2 and 
TiO2/SiO2 surfaces with sizes of 4~12 nm by TEM measurements. There is not much 
difference for the particle size between the fresh and used catalysts. The deactivation 
of gold particles may mainly origin from change of particle morphology. The larger 
Au particles are active for CO oxidation, which can be attributed to their flat shape. 
Ⅱ. Hyperactivity was previously observed for CO oxidation over palladium, 
rhodium and platinum surfaces under oxygen rich conditions, characterized by 
reaction rates of 2~3 orders higher than those observed under stoichiometric reaction 
conditions. In this part, the formation of large amounts of CO2 and the depletion of 
CO at the hyperactive state on both Pd(100) and polycrystalline Pd foil were 
evidenced by the infrared intensities of the gas phase CO2 and CO, respectively. The 
active surfaces at the hyperactive state for palladium were characterized using an 
infrared reflection absorption spectroscopy (IRAS, 450~4000 cm-1) under the realistic 















eventually by CO at 450 K, and also under CO oxidation conditions at 450 K.  
In-situ IRAS combined with isotopic 18O2 revealed that the active surfaces for CO 
oxidation on Pd(100) and Pd foil are not a palladium oxide at the hyperactive state 
and under oxygen rich reaction conditions. The results demonstrate that a 
chemisorbed oxygen rich surface of Pd is the active surface corresponding to the 
hyperactivity for CO oxidation on Pd. In the hyperactive region, the CO2 formation 
rate is limited by the mass transfer of CO to the surface. 
Ⅲ . The active surface for CO oxidation over Ru-base catalysts is still 
controversial. In this part, both steady-state kinetics measurements and temperature 
programmed reaction were used to study the catalytic activities for CO oxidation over 
the reduced and oxidized Ru/SiO2 catalysts. The results revealed that the reduced 
Ru/SiO2 is significantly more active for CO oxidation than the oxidized one. Metallic 
Ru covered with a monolayer of chemisorbed oxygen was identified to be the active 
surface by in-situ infrared and Raman spectroscopies.  
Ⅳ. The structure-sensitivity of the n-heptane dehydrocyclization reaction is 
evaluated on Pt nanoparticles as a function of Pt particle size. The Pt particles are 
grown on a SiO2 surface in ultra-high vacuum (UHV) via vapor deposition and then 
run under near atmospheric pressures (495 Torr) by transferring the samples in-situ to 
a batch reactor connected to the UHV system. The results demonstrate the reaction 
rate to increase as the particle size is decreased to 1.5 nm consistent with results on 
high surface area technical catalysts. However, as particle size is further decreased 
below 1.5 nm the reaction rate decreases providing evidence of an optimum particle 
size for the dehydrocyclization reaction under the experimental conditions. The 
reactions on the nanoparticles are also compared to results obtained on Pt(100) and 
Pt(110) single crystals which were run in the same apparatus under identical 
conditions.  
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